We test the hypothesis that quantitative electroencephalogram (qEEG) can be used to objectively assess functional electrophysiological recovery of brain after hypothermia in an asphyxial cardiac arrest rodent model. Twenty-eight rats were randomly subjected to 7-min (n = 14) and 9-min (n = 14) asphyxia times. One half of each group (n = 7) was randomly subjected to hypothermia (T = 33°C for 12 h) and the other half (n = 7) to normothermia (T = 37°C). Continuous physiologic monitoring of blood pressure, EEG, and core body temperature monitoring and intermittent arterial blood gas (ABG) analysis was undertaken.
Introduction
Cardiac arrest (CA) affects 250,000 to 400,000 people annually and remains the major cause of death in the United States (Myerburg and Castellanos, 2001) . Only 17% of patients resuscitated from CA survive to hospital discharge (Morimoto et al., 1993; Safar, 1986) . Neurological complications represent the leading cause of disability (Bedell et al., 1983; Berek et al., 1997; Vaagenes et al., 1996) . Numerous trials of neuroprotective agents, however, have failed to improve outcomes after
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CA (BRCT (The Brain Resuscitation Clinical Trial II Study Group), 1991; Longstreth et al., 2002) . Recent clinical trials demonstrated that therapeutic hypothermia after CA can improve survival and functional outcomes compared to normothermic controls (Bernard et al., 1997; Bernard et al., 2002; Shankaran et al., 2005; Zeiner et al., 2000) . As a result, the International Liaison Committee on Resuscitation made the recommendation to cool unconscious patients resuscitated from out-of-hospital arrest with an initial rhythm of ventricular fibrillation to 32-34°C for 12-24 h (Nolan et al., 2003) . Ischemic brain injury affects synaptic transmission, axonal conduction, and cellular action potential firing in a sequential manner and plays a critical role in determining characteristics of EEG (Holmes et al., 1983) . Cellular mechanisms of neuroprotective hypothermia include retarding the initial rate of ATP depletion (Kramer et al., 1968; Welsh et al., 1990) , reduction of excitotoxic neurotransmitter release (Busto et al., 1989) , alteration of intracellular messengers (Cardell et al., 1991) , reduction of inflammatory responses (Toyoda et al., 1996) , and alteration of gene expression and protein synthesis (Kumar et al., 1995; Kumar et al., 1996) . Hypothermia reduces the excitatory postsynaptic potential (EPSP) slope in a temperature-dependent manner (Mednikova et al., 2004) . A recent study of single unit spike activity using parietal cortex slices subjected to different temperatures found greater spontaneous spike amplitude and frequency in the range of mild hypothermia (32-34°C) (Mednikova et al., 2004) .
The effects of changes in brain temperature on electroencephalogram (EEG) have been described since 1930 s. Hoagland found that hyperthermic patients showed faster alpha rhythms (9-10 Hz) (Hoagland, 1936; Hoagland, 1938; Hoagland, 1949) . Deboer demonstrated that temperature changes in animals and humans had an influence on EEG frequencies and that the changes were similar in magnitude in the different species (Deboer and Tobler, 1995; Deboer, 1998) . More recently, hypothermia has been demonstrated to improve EEG restoration after reperfusion and the functional tolerance of the brain to impaired oxygen supply (Burger et al., 1998; Burger et al., 2003; Fritz et al., 1999) . Most of these results, however, have been based on subjective observation of EEG and clinical parameters.
Using an animal model of global ischemic brain injury and using qEEG analysis, we have shown that the rate of return of EEG activity after CA is highly correlated with behavioral outcome (Geocadin et al., 2000b; Geocadin et al., 2000a; Geocadin et al., 2002) . This technique is based on the hypothesis that brain injury reduces the entropy of the EEG, also measured by its information content (defined classically as bits/second of information rate (Shannon, 1948) ) in the signal. Further, our technique is based on the hypothesis that neurological recovery can be predicted by monitoring recovery of the entropy, or equivalently, the information quantity (IQ) (Shin et al., in press) in EEG signals. Information can be physically quantified by calculating EEG entropy (Rosso et al., 2001; Shannon, 1948) . The EEG signal can be divided into predictable and unpredictable components, with the quantity of information more highly correlated to the latter. Removal of the predictable component (information redundancy) using discrete wavelet transformation (DWT), allows estimation of IQ (Antonini et al., 1992; Mallat, 1989) . This qEEG analysis method was recently developed and showed promising results in predicting outcome from CA Thakor and Tong, 2004; Tong et al., 2002; Tong et al., 2003) .
We have previously established and validated a rodent model for global ischemic brain injury following CA (Geocadin et al., 2000b; Geocadin et al., 2000a) . Neurological recovery is monitored using a standardized Neurological Deficit Scale (NDS) which relies on serial performance of a comprehensive behavioral examination (Ao et al., 2001; Xiao et al., 1998; YliHankala et al., 1997; Zeiner et al., 2000) . The NDS was patterned after the standard neurologic examination in humans, incorporating some elements from functional outcome scales developed for global cerebral ischemia in rats (Katz et al., 1995) , dogs (Vaagenes et al., 1984; Woods et al., 2000) , and piglets (Goel et al., 1996; Sherman et al., 1999) .
The present study was performed to validate a quantitative analysis of early recovery of EEG as a measure of neurological outcomes in rats. To this end, we examined the impact of hypothermia on NDS and qEEG markers of recovery in rats resuscitated from experimental CA.
Results

Temperature monitoring
All animals in the normothermia groups (7 and 9 min) were maintained at 37 ± 0.5°C for 15 h and moved to a neonatal incubator to maintain normothermia during the first 24 h. For the hypothermia groups, the target temperature was reached in 9.0 ± 5.4 min. Rewarming occurred over 119.5 ± 22.5 min to achieve a stable temperature within the target range (36.5-37.5°C), increased by 1°C per half hour. All animals were then similarly maintained in the neonatal incubator for the first 24 h to maintain normothermia. The temperature recording for 7-and 9-min groups during the hypothermia experiment is shown in Fig. 1 .
Baseline characteristics
Baseline characteristics of animals in the hypothermia and normothermia groups were similar, including weight on the day of CA, duration of asphyxia prior to CA, duration of CPR prior to ROSC, and baseline ABG data. No significant difference exists between asphyxial groups for baseline characteristics (P > 0.05).
NDS analysis
NDS analysis results are shown on Table 1 and Fig. 2 . The distribution of total NDS data was normal (P > 0.05). The distribution of NDS scores over the study period was better in hypothermic animals compared to normothermic controls in the 7-min group (P = 0.01) but not the 9-min group (P = 0.255).
We noted increased deaths in the 9-min injury group (both normothermia and hypothermia) which reflects the severity of injury in those groups. We believe that this reduction in the animal groups led to the increased variability in the results which is manifested as a lack of statistical significant difference in NDS. We proceeded to combine the NDS scores 
Mortality and mean survival
Mortality before 72 h in each group was as follows: 1 rat in the 7N group, 0 rats in the 7 H group, 3 rats in the 9N group, and 2 rats in the 9 H group. No formal investigation was done to determine cause of death. There was a trend toward improved survival rates in rats treated with hypothermia in both the 7-min and 9-min groups, although the data failed to reach statistical significance. There was also no significant difference in mean duration of survival hours between the 7N group (66.9 h) and 7 H group (72.0 h) or the 9N group (48.0 h) and 9 H group (57.1 h) in a Kaplan-Meier analysis.
ABG Data
ABG data were obtained prior to CA and again 10, 20, and 40 min after ROSC. Arterial pH, HCO 3 − , PCO 2 , PO 2 , Na+, anion gap and glucose concentration were similar in hypothermic and normothermic animals at all time points. There was a trend toward minor metabolic acidosis in the normothermic controls (22.1 ± 0.6 mmol/L) compared to hypothermic rats (24.4 ± 0.6 mmol/L) with a slight but statistically significant difference in bicarbonate concentration at 40 min. Arterial pH, HCO 3 − , PCO 2 , PO 2 , and O 2 saturation were similar in all 7N, 7 H, 9N and 9 H animals at all 4-time points (P > 0.05), and no difference existed between the 7-and 9-min asphyxial groups (P > 0.05).
EEG analysis
Fig. 3 (a) and (b) illustrate EEG recordings in hypothermic and normothermic animals, respectively. Within seconds of CA, EEG signal amplitude becomes highly suppressed and proceeds quickly to an isoelectric tracing. EEG activity then resumes approximately 16 min after ROSC (16.3 ± 0.3 (Mean ± SEM)) in 7-min asphyxial rats and 15.0 ± 0.7 min after ROSC in 9-min asphyxial rats (No statistical difference existed between 7-and 9-min groups), with an initial periodic pattern resembling burst-suppression of variable duration. Over several hours, there is a gradual increase in the complexity and frequency of EEG bursts and concomitant decrease in EEG suppression. Subjective review of compressed EEG raw data indicated increased frequency of EEG bursts at different periods in the hypothermic rats compared to normothermic controls that was most pronounced at the time of initiation of hypothermia (tracings III and IV). However, comparing their baselines (we set all baseline IQ values as 1), the difference between the two EEG signals in Fig.  3 (a) to (d) is not readily discernable from visualization of the 7N: 7-min asphyxia normothermia, 7H: 7-min asphyxia hypothermia, 9N: 9-min asphyxia normothermia, and 9H: 9-min asphyxia hypothermia. 
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waveform itself; i.e., the effect of hypothermia on the EEG signal recovery was not evident without quantitative analysis. Using qEEG, the information quantity (IQ) -a marker of EEG entropy relative to baseline -was calculated. A graphical depiction of aggregate IQ data from hypothermic and normothermic animals is shown in Fig. 3 (e) . Similar to the raw EEG data, the aggregate IQ decreased from baseline (IQ = 1) to the lowest point rapidly after CA (0.1196 ± 0.0115), then gradually recovered near baseline by 15 h (0.8265 ± 0.0242). IQ continued to improveover the subsequent 72 h, reaching an aggregate peak at 48 h (0.9789 ± 0.0421), and then declining slightly at 72 h (0.9012 ± 0.0389).
As shown in Figs. 4a and b, the distribution of mean IQ scores was greater in the hypothermia group compared to the normothermic group over the duration of the study in both the 7-min group and the 9-min group. In the 7-min injury group, the aggregate IQ was significantly greater in the hypothermic animals (0.8114 ± 0.0430) compared to normothermic animals (0.6994 ± 0.0421) (P < 0.05). Similarly, the aggregate IQ from hypothermic rats with 9-min asphyxia (0.6755 ± 0.0504) was greater than normothermic controls (0.6176 ± 0.0461) (P < 0.05). IQ was greater in hypothermic rats (0.7524 ± 0.0333) compared to normothermic controls (0.6618 ± 0.0312) at every time point after ROSC in the combined injury groups, with a significant average IQ 
Discussion
The experiments reported here further validate the utility of the qEEG entropy measure IQ as an early indicator of injury and neurologic recovery after experimental CA. Hypothermia led to better functional outcomes in treated rats and EEG recovery quantified by IQ was significantly greater in rats treated with hypothermia compared to normothermic controls. The separation of IQ values between the treatment and control groups was noticeable within 1 h of ROSC and persisted throughout the 72-h experiment. Better EEG recovery, as manifested by greater IQ values, was associated with significant improvements in neurological function as measured by NDS throughout the experiment. IQ measure was able to detect the acceleration of neurological recovery as measured by NDS in animals treated with hypothermia. IQ also predicted the 72-h functional outcomes as early as 4 h after cardiac arrest and was a comparable outcome predictor to the 15-h NDS. Functional outcome scales such as NDS have previously been validated (Geocadin et al., 2000b; Hickey et al., 2003; Katz et al., 1995; Luft et al., 2002) . Previous attempts to use early qEEG as a measure of neurological recovery after CA have relied on power spectral analysis (Cerchiari et al., 1990 ). This technique is predicated on analysis of the relative percentage of EEG power confined to specific frequency bands. Power spectral analysis has limited utility for this application, however. After CA, in humans and various animal models, several common EEG patterns are predictive of poor neurological recovery, including generalized EEG suppression, persistent burst-suppression, generalized unreactive alpha or theta activity, and epileptiform discharges (Bassetti et al., 1996; Binnie et al., 1970; Møller et al., 1978 ; Fig. 4 -Comparison of IQ between hypothermic and normothermic rats subjected to 7-min (a) and 9-min (b) ischemia at different time periods: IQ1 baseline, IQ2 CA period, IQ3 hypothermia starting period, IQ4 hypothermia maintenance period, IQ5 re-warming period, IQ6 24 h after ROSC, IQ7 48 h after ROSC, IQ8 72 h after ROSC.
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Scollo-Lavizzari and Bassetti, 1987; Synek, 1989; Thomassen et al., 1978) . Power spectral analysis is unable to discriminate non-reactive from reactive patterns, epileptiform morphologies from theta waves, or burst-suppression from intermittent slow waves. Because IQ entropy analysis is based on separating predictable and unpredictable patterns of EEG activity, it has much greater potential sensitivity for unfavorable EEG patterns after CA. Seizure activity, burst-suppression, unreactive alpha or theta patterns, and generalized suppression are all periodic -and highly predictable -patterns and, therefore, score low on entropy measures. Reactive patterns appear more chaotic, rendering entropy measures more sensitive to detecting improvements in EEG patterns after CA.
This methodology has the potential for early prognostication after resuscitation. Our experiment demonstrated that IQ values had excellent discriminative power for the 72-h functional outcome measures throughout the study period. It is worth highlighting that an early correlation of NDS and IQ was noted at 4 h, which may provide an opportune time for intervention or injury stratification, and a later, more robust correlation occurred at 72 h. The strong correlation at 4 h likely reflects the great variability between rats destined for good or poor outcomes during this period (Geocadin et al., 2000a) . The first 4 h after ROSC are characterized by increasing frequency and complexity of bursts with concomitant decrease in the duration of suppression. Animals that proceed more quickly to a continuous EEG pattern will have higher IQ values and better functional outcomes. The strong correlation between the 72-h IQ and final NDS likely reflects the re-emergence of EEG reactivity during this period in the group with good outcomes, whereas those with poor outcomes tend to have unreactive alpha or theta patterns and lower IQ values.
Most clinical prognostic scales require serial neurological examination over several days, and such clinical observations have poor ability to predict outcomes during the early period when injury amelioration may still be possible. Electrophysiologic tests (EEG and evoked potentials) improve the ability to predict the neurologic outcome at about the third day after injury (Zandbergen et al., 1998) . Early EEG after CA in humans, pigs, dogs, and rats is marked by a period of burst-suppression followed by fusion to a continuous EEG pattern (Brechner et al., 1961; Gurvitch et al., 1972; Jørgensen and Malchow-Møller, 1981; Kawai et al., 1992; Lin et al., 1977; Luft et al., 2002; Rosén et al., 1984; Yashon et al., 1970) . The interval between ROSC and the return of continuous EEG activity is related with prognosis, but the manual determination of continuous EEG activity is laborious and subjective. Persistence of burstsuppression can be readily monitored with the help of entropy-based qEEG analysis, such as IQ.
Potential limitations of this study include the absence of histopathological data. Using this model, we have previously demonstrated that histopathological markers for ischemic cell death correlate with the degree of asphyxial brain injury, behavioral outcome scores, and EEG restitution (Geocadin et al., 2005; Geocadin et al., 2000a; Luft et al., 2002) . Histological markers of injury in rats, however, have been a poor indicator of clinical significance in human trials of the same agents (Gladstone et al., 2002) . In a recent review, Gladstone opined that "histological end points cannot tell whether surviving neurons are functional or dysfunctional or will go on to die in a delayed fashion, and they are less predictive of long-term histology than early behavioral assessments". Similar conclusions have been reached by other authors (Corbett and Nurse, 1998; Hunter et al., 1998) . One of the major goals of our group is to develop experimental approaches that can be easily translated clinically. As such, we have moved away from post-mortem markers, such as histological quantification of injury. For this reason, we chose to rely on a functional outcome measure, 72-h NDS, as the primary endpoint.
The development of a non-invasive strategy to track the course of recovery early after resuscitation from CA has a number of readily translatable functions in humans. EEG technology is readily available and familiar in most hospitals, rather than being restricted to tertiary academic centers. Entropy analysis as exemplified by IQ simplifies interpretation of EEG by translating complicated and subjective waveform analysis into an objective measure that can be displayed in real time, allowing physicians to monitor the response to potential neuroprotective strategies.
Experimental procedures
4.1. The animal model
Experimental asphyxic-cardiac arrest and resuscitation
The Animal Care and Use Committee of the Johns Hopkins Medical Institutions approved the experimental protocol used in this study. Twenty-eight adult male Wistar rats (350 ± 25 g) were randomly assigned to 7-min asphyxia under normothermia (7N group), 7-min asphyxia under hypothermia (7 H group), 9-min asphyxia under normothermia (9N group), and 9-min asphyxia under hypothermia (9 H group) (n = 7 per group). Asphyxial cardiac arrest and resuscitation protocol was performed as modified from Katz et al. (Geocadin et al., 2000a; Katz et al., 1995) . Several strain-specific life support adjustments, i.e., ventilator settings, anesthesia, and drug requirements, were necessary to stabilize the model for Wistar rats. Anesthesia was induced with 4.5% halothane carried by 50% oxygen and 50% nitrogen gas at 4 L/min, followed by tracheal intubation under direct laryngoscopy with a 14-G plastic catheter. The rat was ventilated at 50 breaths per minute by a rodent ventilator (Harvard Apparatus Model 553438) and maintained with humidified 50% FIO 2 and 1.0 halothane (Halocarbon laboratories, River Edge, NJ, USA) at tidal volumes (TV) of 8 ml/kg, positive expiratory end pressure (PEEP) of 3 cm H 2 O. Body temperature of 37.0 ± 0.5°C was maintained. The femoral artery and vein were cannulated (Intramedic Non-Radiopaque Polyethylene Tubing PE-50 catheters, PE 50, Becton Dickinson) to monitor mean arterial pressure (MAP), sampling for arterial blood gases (ABG), as well as administration of fluid and drugs.
After preparation, baseline EEG and physiologic measurements were made for 5 min. Halothane 1% by vaporizer (Fluotec MK, serial 316563, from Cyprane Keighley Yorkshire, England) was administered during the baseline recording. A gas washout phase followed the baseline recording with 100% oxygen for 3 min and the rat was paralyzed with vecuronium 2 mg/kg, i.v. (vecuronium bromide for injection, 1 mg/ml,
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Novaplus, from Abbott Labs, North Chicago, IL 60064, USA), followed by room air for 2 min with unchanged ventilator settings. This was followed by global asphyxia, which was induced for periods of 7 or 9 min by clamping the tracheal tube and stopping and disconnecting the ventilator. Cardiac arrest was defined by pulse pressure <10 mm Hg and was observed with asystolic electrical rhythm, non-pulsatilepressure wave.
After the predetermined asphyxia time, cardiopulmonary resuscitation (CPR) was initiated with effective ventilation (TV 8 ml/kg, Respiration Rate (RR) 40/min and PEEP 0 cm H 2 O) and oxygenation (100% O 2 ), epinephrine (0.005 mg/kg, i.v.), sternal chest compression (200 compressions/min) and NaHCO 3 (1 mmol/kg i.v.) to normalize arterial pH. Return of spontaneous circulation (ROSC) was defined by achievement of spontaneous MAP > 60 mm Hg. The animal was then hyperventilated (TV 10 ml/kg, RR 65/min and PEEP 6 cm H 2 O) for 10 min. Subsequent ventilator adjustments were as follows: RR adjusted to 55/min at 10 min after ROSC, RR adjusted to 50/min at 20 min after ROSC, and the O 2 concentration adjusted 40 min after ROSC. Adjustments were also slightly changed to avoid respiratory acidosis or alkalosis by serial ABG measurements at 10, 20, and 40 min after ROSC. The animals were allowed to recover spontaneously after resuscitation. To minimize the drug effect on EEG, no anesthesia was provided post-resuscitation. The rats were subsequently weaned off the ventilator after 2 h and then extubated. At all points in the experiment, the rats were monitored and treated accordingly for signs of pain and distress.
Hypothermia
A temperature sensor (G2 E-mitter 870-0010-01, Mini Mitter, Oregon, USA) was used to monitor the core temperature and a rectal temperature sensor was used as a reference. The sensor was implanted into the peritoneal cavity about 1 week before the experiment. Hypothermia was induced 45 min after ROSC by external cooling with a cold water and alcohol mist, aided by an electric fan, to achieve the target temperature of 33°C within 15 min. An automatic warming lamp (Thermalet TH-5, model 6333, Physiotemp, NJ, USA) was used to prevent precipitous temperature decline. The core temperature was maintained by manual control between 32 and 34°C for 12 h. Re-warming was initiated 13 h after ROSC. Rats were gradually re-warmed from 33.0°to 37.0°C over 2 h using a heating pad and heating lamp. For normothermia groups, temperature after CPR was maintained at 36.5-37.5°C throughout the shamhypothermia period as a control. To ensure that no temperature fluctuation occurred after the resuscitation, such as the spontaneous hypothermia previously reported , all animal were then kept inside a neonatal incubator (Isolette infant incubator model C-86, Air-shields Inc, Pennsylvania, USA) maintained at 28°C for the first 24 h post-ROSC. In prior experiments, this temperature has been adequate to maintain the animals within the target range (36.5-37.5°C).
EEG recording
EEG epidural screw electrodes (Plastics One, Roanoke, VA) were implanted 1 week before the experiment. Two channels of EEG were recorded in the right and left parietal areas throughout the experiment using DI700 Windaq system. Using stereotactic guidance, electrodes were placed 2 mm lateral to and 2 mm anterior or posterior to the bregma. A ground electrode was placed 2 mm posterior to the lambda in the midline. Recording continued throughout the hypothermia and re-warming periods and 2 additional recovery hours, with total EEG recording times of 17 h on the day of the experiment. Serial 30-min EEG recordings were then performed in free-roaming, unanesthetized rats at 24, 48, and 72 h after ROSC. The signals were digitized using the data acquisition package CODAS (DATAQ Instruments INC., Akron OH). Sampling frequency of 250 Hz and 12 bit A/D conversion were used.
Arterial blood gas analysis (ABG)
We use Rapidlab 865 blood gas analyzer (Bayer Company) to analyze temperature-corrected ABG, including pH, PaO 2 , PCO 2 , HCO 3 -act, O 2 saturation, Na + , anion gap and glucose. We measured the ABG 4 times per animal: at baseline, and 10, 20, and 40 min after ROSC.
Neurological evaluation
The NDS of rats was determined 15 h after ROSC on the first day, and then repeated at 24, 48, and 72 h after ROSC. The standardized NDS examination was performed by a trained examiner blinded to temperature group in all instances except the 15-h NDS. Re-warming at the 15-h time point rendered adequate blinding impossible. The NDS and its components provides a score from 0 (worst) to 80 (best) (Geocadin et al., 2000b) . The primary outcome measure of this experiment was defined as the 72-h NDS score.
Quantitative EEG analysis
EEG has been used as a clinical diagnostic and research tool. But the waveform-based EEG analysis is thought to be subjective and laborious because the results depend on the clinicians' experience and expertise. Quantitative EEG methods and their relative strengths and benefits have been extensively reviewed (Thakor and Tong, 2004) . To track and compare the EEG recovery under hypothermia and normothermia, we analyzed EEG signals using quantitative methods. We previously reported the development of this novel, entropy-based EEG analysis which has shown promising results in objectively tracking the EEG recovery after cardiac arrest (Shin et al., in press ). Entropy is a method to quantify the order/disorder of a time series. It is calculated from the distribution of one of the signal parameters, such as amplitude, power or time-frequency representation. The Shannon entropy (SE) gives useful criteria for analyzing and comparing probability distribution and provides a good measure of the information (Shannon, 1948) . The classical Shannon entropy is expressed in:
pðmÞlog 2 pðmÞ where pm is the probability of finding the system in the mth microstate with 0 ≤ p(m) ≤ 1 and
pðmÞ ¼ 1. To analyze nonstationary EEG signals, we need to get a temporal evolution of SE based on application of a sliding temporal window technique. Such data analysis is done using a sliding window of the sampled EEG, n = 0,1,…,[n/Δ] −w + 1, where sampled data in window W are analyzed using a sliding stepΔ. Next, wavelet
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analysis of the signal is carried out to decompose the EEG signals into wavelet subbands, which can be interpreted as frequency subbands. Based on the above arguments, we can define the information quantity (IQ). First, the discrete wavelet transform (DWT) coefficients within each window are obtained as:
WCðr; n; w; DÞ ¼ DWT½W; ðn; w; DÞ:
Next, wavelet coefficients are obtained from the DWT, and the IQ is obtained as:
where p n (m) is an estimated probability that the wavelettransformed signal belongs to mth bin and M is the number of bin. IQ is calculated from a temporal sliding window block of EEG signal as explained above, for the entire data set. Further information on the algorithm can be obtained from Shin (Shin et al., in press ). We choose 8 segments from hypothermia EEG data in each rat and to derive 8 IQ measurements after qEEG analysis: baseline (0-5 min, IQ1), CA period (10-40 min, IQ2), hypothermia starting period (60-90 min, IQ3), hypothermia maintenance period (3-5 h, IQ4), hypothermia end period (re-warming period) (13-15 h, IQ5), 24 h after CPR (30 min, IQ6), 48 h after CPR (30 min, IQ7), 72 h after CPR (30 min, IQ8). For EEG data under 7 min normothermia, instead of IQ 3-5 segments under hypothermia, we analyzed the corresponding EEG segments under normothermia respectively. A graphical comparison between raw EEG waveforms, compressed waveforms, and IQ data at these time points is shown in Fig. 3. 
Statistical methods
Group values that are parametric (i.e., IQ, temperature, ABG results, weight, asphyxia time before CA and ROSC time) are reported as mean ± SEM and non-parametric variables (i.e., NDS) are reported as median (25th-75th percentile). Parametric data were analyzed by one-way analysis of variance (ANOVA) with Student-Newman-Keuls (SNK) analysis used for multiple comparisons. For NDS, we performed statistical tests based on rank order. Non-parametric analysis of variance was used to test for differences in rank order NDS. The factors included in the model were animal group (normothermic versus hypothermic) and time group (7 min and 9 min). The outcome, rank order NDS, was treated as a repeated measure (assessed at 15, 24, 48, and 72 h). The mortality rate was analyzed by Fisher's Exact Test (crosstabs) and survival was analyzed by a Kaplan-Meier test. Pearson correlation of bivariate analysis was used to analyze the correlation between 72-h NDS score and serial IQ and NDS measurements. For sample size calculations, we used preliminary data from rats subjected to 7-min asphyxia and therapeutic hypothermia. In these preliminary studies the 72-h NDS in the hypothermia-treated animals was greater than normothermic controls by a mean difference of 10.2 ± 5. Given this treatment effect between hypothermia and control group, we computed a sample size for t test and ANOVA to be 7 animals per group in order to have a 95% confidence level and a power of 90%. A level of P < 0.05 was selected in order to consider the differences significant.
